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Abstract 
CasaNova is a city district in the southern part of Bolzano, which consists of 950 apartments hosting about 3000 inhabitants. The 
apartments’ owners are both IPES, the local Institute for Social housing of South Tyrol, and some cooperatives. 
The approach adopted during the district’s design phase included the urban planning concept, the energy concept and the 
architectural competitions for individual lots. The urban planning concept was developed by an interdisciplinary team coordinated 
by Frits van Dongen from Amsterdam. The team planned the construction of the eight “castles”, namely a built-up area consisting 
of three or four buildings placed around a shared green space.  
The energy concept includes three main objectives: (1) reducing the energy needs for heating, (2) rationalizing the use of traditional 
energy sources and (3) using renewable energy sources. In order to achieve such objectives, the concept was based on two levels. 
The first level was focused on the connection of the buildings to a district heating system with heat recovery from an incinerator. 
The second level defined guidelines on energy requirements for each lots. The CasaNova district was also included within the 
campaign "Sustainable Energy Europe (SEE)" promoted in Italy by the Ministry of Environment, Land and Sea. The City, the 
Province and the district itself were considered as good examples of implementation of energy efficiency and use of renewable 
sources to reduce CO2 emissions, at national level. 
As a concrete action within the partnership with the Italian Ministry of Environment, The European Academy of Bozen/Bolzano 
(EURAC)  monitored the actual energy performance of the district, in the context of the implementation of the SEE campaign. The 
whole monitoring campaign was aimed to assess both the actual energy performance of buildings, comparing them with the design 
values (potential), and the level of indoor comfort in some sample apartments analyzed using different parameters such as the air 
quality, temperature and humidity. 
Monitoring results showed that the buildings have total primary energy consumptions very different from each other (ranging from 
79 kWh/m²y to 172 kWh/m²y), and with a meaningful gap compared with the predicted ones, as calculated in the design phase, 
reaching in some cases values more than double (+167%). According to EURAC evaluation, the main cause of this issue has been 
identified in tenants’ behavior, especially on their non-optimal use and maintenance of the building and facilities. The paper shows 
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how the buildings with simpler constructive solutions consume less energy than the complex ones. This difference, is mainly due 
to the difficulties encountered by the tenants on managing complex technologies in their flat, especially on mechanical ventilation. 
Indeed, the implementation of these technologies requires behavioral changes on those lodgers accustomed to live in the “classic” 
Italian house. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the SBE16 Tallinn and Helsinki Conference. 
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1. Introduction 
In recent years the use of renewable energy in South Tyrol has increased considerably. This growth was possible 
due to the effective measures adopted by the Autonomous Province of Bolzano, which promoted the use of these 
technologies. South Tyrol has been covering a large part of its energy needs from renewable energy sources. The goal 
is to increase the percentage of energy needs covered by renewable energies to at least 75% by 2020 and up to 90% 
by 2050. Consequently, the focus on both the development of new technologies with appropriate incentives and the 
information and awareness campaigns informing citizens of benefits to use the Renewable Energy System (RES) will 
be essential. In the context of the campaign "Sustainable Energy Europe", the CasaNova district of Bolzano has been 
chosen as a “best practice” to evaluate the application of energy efficiency measures (EEM) and RES on several 
buildings. Therefore, in 2009, the Italian Ministry of the Environment and the autonomous province of Bolzano signed 
an agreement, which gave EURAC the role of technical and operational support for buildings monitoring. 
 
 
Fig. 1. Map of the district 
Nomenclature 
DHW domestic hot water  
AHU  air handling unit 
RES renewable energy system 
EEM energy efficiency measures 
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2. The district 
Bolzano is a middle-sized city characterized by a substantially stationary population, but at the same time there is 
historical need of affordable houses. During the years 2000s, the City of Bolzano decided to start an extraordinary 
urban planning in order to handle urgent demand for about 1000 new housing for the social housing sector.  New 
agricultural land was bought on the open market, as an alternative to the classic expropriation operations, and then 
turned into residential zone.   
The City of Bolzano was directly committed in the management of the process starting from the planning to the 
implementation phase. The major aim was to design a "best practice" of EEM and RES application on large scale 
according to innovation and quality criteria. This choice allowed to define and impose specific and stringent rules to 
achieve the planning objectives. The design of the urban plan was entrusted, with an international tender, to the 
interdisciplinary team coordinated by Frits van Dongen of Amsterdam. The designers were free to use different 
architectural and technological solutions according to their sensitivity and professional skills. 
2.1. The district energy concept 
Before starting the urban architectural tender, the energy plan of the CasaNova neighbourhood was developed. 
Later this has been considered as mandatory for the building design competitors ensuring high level of energy 
efficiency. The concept of energy optimization of the district consists of three objectives (see the Fig. 2). 
 
 
Fig. 2. Energy concept of the CASANOVA district 
To reduce the thermal energy needs the highest standard CasaClima for that time (heating index of 30 to 50 
kWh/m²y depending on the surface/volume ratio of individual buildings) was fixed as mandatory for all buildings. The 
CasaClima energy efficiency certification [1] promotes the adoption of building construction methods in South Tyrol 
that meets energy saving and environment protection criteria. The category of energy saving determines if a building 
is classified as a CasaClima. The CasaClima categories provide an instant estimate of building’s energy consumption 
by a static calculation. To achieve this level of energy efficiency, in each building high levels of insulation and 
windows with triple glazing were installed. In addition to that, other energy passive and active measures has been 
installed: 
x In the EA1, EA2, EA6.a-c-d and EA8 a solar thermal plant and a photovoltaic field were adopted on the roofs of 
the buildings.  
x In the EA3 and EA5 buildings centralized mechanical ventilation with heat recovery is installed. There is AHU 
machine for each staircase providing air change to each apartment that belongs to that particular staircase. In 
addition, in summer a small chiller removes some heat of the primary air during the hot days. 
x In the EA4 and EA6.b buildings a decentralized mechanical ventilation with heat recovery is installed. Each 
apartment has his machine that provides the primary air change and it can be regulate by the user. Furthermore, 
the air is preheated in winter and precooled in summer by air base geothermal plan placed under the garage level. 
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At last, a geothermal system with heat pump is installed to remove some heat from the apartments in summer 
through a radiant floor. 
x The EA7 buildings are made of facing concrete walls. This architectural solution brought the position of the 
thermal insulation in the internal side of the wall.  
The entire district heating and hot water supply of buildings are supplied by the connection to the district heating 
network powered by the incinerator of Bolzano and natural gas central heating system. 
To reduce the negative impact of traffic congestions, only one road was built going through the whole 
neighbourhood and the parking lots are located entirely in underground garages. With a new train stop, the 
neighbourhood is connected to the regional rail network and it is also connected directly to the east side of Bolzano 
with the large cycling network. Additionally, to improve the sustainable environmental aspect, the green roofs of the 
buildings utilize rainwater to irrigate the surrounding gardens. 
2.2. The monitoring plan 
Since 2009 the European Academy of Bozen/Bolzano (EURAC) has performed a comprehensive monitoring 
campaign to examine the energy balance and performance within the district CasaNova [2]. The monitoring campaign 
was established at different levels of details. The EURAC defined relevant parameters to be measured, planned 
monitoring layout and installed several sensors such as temperature, humidity and electrical energy meters sensors. 
These sensors can collect data with a short time-step of five minutes. Besides, the sensors are connected to the 
acquisition system and data transmission. The large amount of collected data were post-processed and analyzed in 
order to identify different aspects of interest, such as tenants’ behavior, time trends and some critical aspects on the 
energy systems. In addition, a survey to the tenants was performed in order to assess their comfort perception. 
3. Monitoring results  
Considering CasaNova district as a sustainable neighbourhood from the energy point of view, the amount of heating 
energy consumption could be misleading. Indeed, the decrease of heating consumption can also occur along with 
increase in the consumption of other energy sources such as electricity. Therefore, an important indicator [3] to assess 
and compare the energy buildings in a more comprehensive way is to evaluate the total primary energy consumption. 
The following energy services are considered: heating, cooling, domestic hot water (DHW), electricity consumption 
for utilities and common electricity consumption. In this research we considered the primary energy factors as reported 
in Italian decree DM 26/06/2015 [4] that was not in force at the time of the buildings design and construction. The 
primary energy factor of the local district heating was calculated as 0.82 (see the table 1). 
     Table 1. Primary energy comparison 
Condominium DHW 
[kWh/m²y] 
Heating 
[kWh/m²y] 
Electricity for 
dwellings 
[kWh/m²y] 
Electricity for 
common areas 
[kWh/m²y] 
Primary 
energy 
[kWh/m²y] 
EA1 
EA2 
EA3 
EA4 
EA5 
EA6.b 
EA6.a-c-d 
EA7 
16.3 
25.7 
38.9 
23.1 
38.0 
36.5 
22.0 
17.2 
40.0 
64.8 
54.0 
64.8 
64.1 
66.3 
53.0 
40.3 
13.2 
19.8 
24.1 
22.6 
20.6 
30.6 
25.0 
21.5 
4.3 
9.4 
9.1 
9.8 
9.4 
14.6 
8.7 
5.3 
79.4 
131.0 
140.9 
135.3 
142.4 
172.5 
127.3 
99.4 
EA8 20.2 49.7 21.4 7.1 113.0 
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     Table 2. Measured consumption, estimated consumption and the variation relating to the domestic hot water production. 
Condominium Average measured 
consumption 
[kWh/m²y] 
Estimated 
consumption with 
UNITS 11300 
[kWh/m²y] 
Gap 
EA1 
EA2 
EA3 
EA4 
EA5 
EA6.b 
EA6.a-c-d 
EA7 
16.3 
25.7 
38.9 
23.1 
38.0 
36.5 
22.0 
17.2 
18.4 
20.8 
24.8 
21.9 
23.2 
26.7 
25.8 
20.5 
-11% 
23% 
56% 
5% 
64% 
36% 
-15% 
-16% 
EA8 20.2 21.2 -5% 
 
It has to be mentioned that in the EA4 and in EA6.b condominiums, the consumption of gas for domestic purpose 
is not considered. Comparing the condominiums, it is evident that the annual demand of primary energy is very 
heterogeneous with values between 79.4 kWh/m²y of EA1 condominium and 172.5 kWh/m²y of EA6.b condominium. 
3.1. Domestic hot water 
The energy consumption for domestic hot water of all buildings is reasonably in line with the value provided by 
the Italian standard UNI TS 11300-1 [5], except for condominiums EA3 - EA5 - EA6.b. For more information, see the 
table 2. 
3.2. Heating 
The Table 3 shows that (1) the average heating consumption measured in different condominiums, (2) the heating 
consumption compensated with the standard heating degree-days of Bolzano, and (3) there is a gap between the actual 
heating consumption and the designed consumption as it is calculated according to the local energy standards 
(CasaClima protocol). In latter, the weather influences have been taken into account. 
     Table 3. Measured consumption, standardized consumption and gap with planned values for heating. 
Condominium Measured 
consumption 
[kWh/m²y] 
Compensated 
consumption with 
standard degree 
days of Bolzano 
[kWh/m²y] 
“CasaClima” 
certified 
consumption  
[kWh/m²y] 
Gap 
EA1 40.0 44.2 42.6 4% 
EA2 
EA3 
EA4 
EA5 
EA6.b 
EA6.a-c-d 
EA7 
64.8 
54.0 
64.8 
64.1 
66.3 
53.0 
40.3 
70.8 
57.6 
69.1 
68.4 
70.7 
57.9 
43.0 
46.4 
31.2 
25.9 
33.8 
30.6 
38.3 
54.6 
53% 
85% 
167% 
102% 
131% 
51% 
-21% 
EA8 49.7 54.8 40.3 36% 
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     Table 4. Buildings electrical energy categories comparison. 
Condominium Utilities average 
electricity 
consumption  
[kWh/m²y] 
Common parts 
average electricity 
consumption 
[kWh/m²y] 
Total average 
electricity 
consumption 
[kWh/m²y] 
EA1-EA2-EA6a.c.d-EA7-EA8 
EA3 - EA5 
20.2 
22.3 
7.0 
9.3 
27.1 
31.6 
EA4 - EA6.b 26.6 12.2 38.8 
3.3. Electric energy 
We can divided CasaNova buildings into three main categories from electricity consumption point of view: 
x Buildings without mechanical ventilation and without cooling in summer (EA1 - EA2 - EA6a.c.d - EA7 - EA8); 
x Buildings with mechanical ventilation and centralized cooling in summer (EA3 - EA5); 
x Buildings with decentralized mechanical ventilation, cooling in summer and gas cooktops (EA4 - EA6.b). 
 
As it can be seen from the Table 4, the first category has the lowest electricity consumption due to the lack of 
mechanic ventilation and air conditioning. In summer, the buildings with mechanical ventilation and centralized 
cooling make increase in electricity consumption of about 4.5 kWh/m² per year. Finally, the third category, despite 
the absence of electric hobs, has the highest consumption increasing by 11.7 kWh/m² per year. However, this category 
also has the highest comfort, with the possibility of ventilation and cooling self-management. 
3.4. Indoor comfort - temperatures 
During the heating period, internal temperature measured in the apartments during the heating period was high (see 
the Fig. 3). 
Respectively, the summer period was studied as well. According to the recommendations of the Passivhaus Institute 
of Darmstadt [6] referring to Germany, the buildings should be constructed in order to limit to the 10% the year (876 
hours in total) of the time when the temperature indoors is above 25°C. Adapting the recommendation for Italy, the 
limit temperature is set to 26°C (set point of a hypothetical air conditioning). 
 
 
 
Fig. 3. Mean indoor temperature measured during the heating period in the samples apartments 
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Fig. 4. Percentage of time in which the measured internal temperature is above 26°C on an annual basis 
4. Discussion 
The assumptions made in this chapter should be validated by instrumental measurements that unfortunately we 
have not had the opportunity to do due to budget reasons. However, the considerations are supported by surveys 
carried out on site and interviews with tenants, facility managers and designers. 
4.1. Domestic hot water 
Due to the same intended use of buildings, the variance on DHW consumption is supposed to be caused by a non-
optimal insulation of the pipes that generates some heat losses in the water distribution circuit. Moreover, analyzing 
the performance of the heating system on the EA3, EA5 and EA6b, it is possible to find the same problem: a lower 
energy performance respect to the other buildings. 
4.2. Heating 
As shown in table 3, overall the buildings built with a simplest technology (EA1 - EA2 - EA6.acd - EA8) consume 
less energy than those that characterized by most complex technologies (EA3 - EA4 - EA5 - EA6.b). This discrepancy 
could be correlated to the weak capacity of the tenants to utilise their own buildings in case of used technologies are 
rather complex. In fact, the “complex” technologies are non-common technologies, such as the mechanical ventilation, 
that require more knowledge from the user and consequently a different management and maintenance of the house.  
To the large extent, the main reasons to explain the increase in energy consumption for heating are: 
x Losses in the distribution network 
x Too high temperature inside apartments 
x Gas ventilation vents are not considered in the energy certification calculation 
x Heating system management 
x Mechanical ventilation management 
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     Table 5. The reasons that explain a large part of the increase in energy consumption for heating 
Building losses in the 
distribution 
network 
high 
temperatures 
inside the 
apartments 
gas ventilation vents 
not considered in the 
energy certification 
calculation 
heating 
systems 
management 
mechanical 
ventilation 
management 
EA1 
EA2 
EA3 
EA4 
EA5 
EA6.b 
EA6.a-c-d 
EA7 
 
 
X 
 
X 
X 
 
X 
X 
X 
X 
X 
X 
X 
 
 
 
 
X 
 
X 
 
 
X 
X 
 
X 
 
X 
X 
 
 
 
X 
 
X 
 
 
 
EA8  X  X  
 
Losses in the distribution network: 
In Paragraph 4.1 we highlight the heat losses in the distribution network for domestic hot water. These losses in the 
distribution system are also possible in the heating system. 
 
Influence of the internal temperature: 
The estimations for the heating consumption were produced with the protocol CasaClima assuming a constant 
internal temperature of 20°C. The sample apartments in the heating period had an internal temperature above 20°C for 
most of the time reaching in one case the average value of 23°C despite of a massive use of natural ventilation by 
opening the windows. Therefore, such behaviour had negative impact on heating consumption.  
In order to understand better the influence of the internal temperature on heating consumption we performed 
calculations with CasaClima protocol and relative tool considering different average internal temperatures (see Table 
6). 
 
     Table 6. Change in the average energy consumption of CasaNova buildings due to indoor temperature 
Mean indoor temperature Change in the average 
energy consumption 
20°C 0% 
21°C 
22°C 
10% 
18% 
23°C 25% 
 
 
     Table 7. Change in the average energy consumption of CasaNova buildings due to gas vents and indoor temperature 
Mean indoor temperature Change in the average 
energy consumption 
20°C 19% 
21°C 
22°C 
32% 
46% 
23°C 60% 
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Fig. 5. Building Energy signature with the heating starting temperature  
Influence of gas ventilation vents: 
The Italian standard UNI 7129-2 requires that the room where a gas-cooking hob is installed must be always aerated 
and ventilated. For this reason, two ventilation openings of 100 cm² in the kitchen of all dwellings in the condominiums 
EA4 and EA6.b were realized. These two holes, cause energy losses, which were not taken into account in CasaClima 
energy calculation. Indeed, the technical specifications of CasaClima require an airtight envelope to minimize the heat 
losses by infiltration. The influence of such ventilation openings were simulated on EA4 and EA6.b condominiums, 
calculating for each hour the additional natural ventilation in dependence on the temperature difference between inside 
and outside (see the Table 7). 
 
The ventilation openings have a relevant effect on the final consumption. The increase in consumption due to both 
the vents and the influence of the internal temperature between 19% and 60% are compared to the average certified 
consumption. 
 
Heating systems management: 
Through the estimation of the energy signature [7] [8] [9], we calculated the base outdoor temperature level when 
building starts demanding heating to keep the comfort condition, and we compared it with the heating starting 
temperature calculated from the ideal energy signature of the buildings (see the Fig. 5).  
From the results summarized in the Table 8 it can be seen that the heating starting temperature of the buildings are 
very close to each other and in some cases greater than 20°C. 
     Table 8. Ideal heating starting temperature and measured ones 
Condominium Ideal heating 
starting 
temperature 
[°C] 
Real heating 
starting 
temperature 
[°C] 
EA1 
EA2 
EA3 
EA4 
EA5 
EA6.b 
EA6.a-c-d 
EA7 
9.0 
8.9 
15.4 
15.2 
15.6 
15.2 
16.0 
16.3 
21.2 
20.9 
17.3 
18.9 
17.7 
20.6 
22.0 
17.1 
EA8 16.1 24.9 
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a  b  
c  d  
e  f  
g  
 
Fig. 6. Correlation between internal and external temperature for (a) EA1 building ground floor; (b) EA1 building last floor; (c) EA2.b building 
ground floor; (d) EA2.b building last floor; (e) EA2.c building ground floor; (f) EA2.d building last floor; (g) EA7 building ground floor; 
The heating starting temperature does not depend on efficiency of the plant, but it depends on the behaviour of 
tenants, managing active and passive systems. Analysing the results, it is clear how the heating system of some 
buildings starts to work when the external temperature is higher than 20°C going against the technical specifications 
defined during the design phase (Internal temperature equal to 20°C) by CasaClima protocol. This issue was observed 
independently from the constructive quality of the building envelope. Such heating starting temperature is explainable 
both by a heating set point temperature greater of 20 °C, and also by a wrong management of heating system. It is 
probable that some heating circuits (for example small radiators in the bathrooms) are always open and independent 
from thermostats of the apartments. It is also likely that such circuits are open for all, or nearly all, heating period 
(October 15th to April 15th). 
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Fig. 7. Architectural detail of the apartment EA2.c last floor  
Mechanical ventilation management: 
The monitoring system highlighted operating problems of the centralized mechanical ventilation as found in other 
studies [10],[11]. In several houses the ventilation channels were closed by tenants to prevent the entry of smells 
coming from other apartments. Since the mechanical ventilation was closed tenants used natural ventilation, preventing 
the heat recovery and increasing energy consumption for heating. 
4.3. Indoor comfort - temperatures 
 Heating period: 
The study shown that monitored apartments, except the EA2 last floor, do not show a correlation between internal 
and external temperature. 
 
 Summer period: 
All monitored apartments show a period of time when temperatures are above the limit of 10%. There are three the 
most problematic cases. The EA2.b ground floor apartment is a densely populated apartment and this significantly 
contributes to internal heat gains and, consequently, the apartment is predisposed to overheating. Further, the EA2.c 
apartment at the last floor, however, the study shows that an architectural detail that we believe may be the cause of 
the high summer temperatures. In fact, it is the only apartment monitored which has a glass surface that is not properly 
shaded, on the roof and which could cause a greenhouse effect. 
5. Conclusions 
The project showed that in seven of the nine condominiums in the CasaNova district energy consumption for 
heating are greater than expected during the planning stage. Such differences are mainly caused by the type of 
technology used on buildings development. More complex is the technology, worse is the final result (the worst case 
+167% of heating consumption). This study has identified probable causes both on technical management and user 
behavior. The total consumption of the building, in fact, is a result of different actors that are the building envelope, 
type and maintenance of technological systems and user behavior. From latter the most influential are the regulation 
of plant and the iteration between man and building. In particular: (1) high indoor temperature in winter, (2) heating 
circuits in operation when not required, (3) use of the natural ventilation instead of mechanical ventilation. The 
identified technical reasons are related both to (4) some probable distribution losses and the (5) infiltration of air, to 
the vents on the outside walls and to the presence of natural gas hobs. 
The approach adopted by the municipality of Bolzano for design of the CasaNova district makes it definitely a 
model case. During the first six months, the Urban Design Group has conducted six workshops with the direct 
participation of the political and technical representatives of the Municipality, the service delivery agencies, 
representatives of the owners and the neighborhood district council. According to this study, a weak point in this 
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process could be the discontinuity of this positive approach. After having prepared the urban plan, in fact, the City left 
a substantial freedom for the architectural and technological development of the individual interventions to the 
designers charged by the owners.  
In order to ensure that the owner of the building have the promised performance and that it is maintained through 
time, it is necessary to apply a procedure of continuous commissioning of the district. This procedure might be a 
continuous process of verification and optimization in order to enable solving technical and management problems. 
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